WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



51) International Patent Classification 6 : 
A61B 5/00 



Al 



(11) International Publication Number: WO 99/66830 

(43) International Publication Date: 29 December 1999 (29.12.99) 



(21) International Application Number: PCT/CA99/00586 

(22) International Filing Date: 24 June 1999 (24.06.99) 



(30) Priority Data: 
09/104,078 



24 June 1998 (24.06.98) 



US 



(71) Applicant (for all designated States except US): BIOMAX 
TECHNOLOGIES INC. [CA/CA]; 568 - 999 Canada Place, 
Vancouver, British Columbia V6C 3E1 (CA). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): MACKINNON, Nicholas, 
B. [CA/CA]; 2438 West Broadway, Vancouver, British Co- 
lumbia V6K 2E7 (CA). WHITEHEAD, Peter, D. [CA/CA]; 
2852 West Fifth Avenue, Vancouver, British Columbia V6K 
117 (CA). 

(74) Agent: GREEN, Bruce, M.; Oyen Wiggs Green & Mutala, 480 
- 601 West Cordova Street, Vancouver, British Columbia 
V6B 1G1 (CA). 



(81) Designated States: AE, AL, AM, AT, AU, AZ, BA, BB, BG, 
BR, BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, 
GD, GE, GH. GM ( HR, HU, ID, IL, IN, IS, JP, KE, KG, 
KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, 
MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, 
SK, SL, TJ, TM, TR, TT, UA, UG, US, UZ, VN, YU, ZA, 
ZW, ARIPO patent (GH, GM, KE, LS, MW, SD, SL, SZ, 
UG, ZW), Eurasian patent (AM, AZ, BY, KG, KZ, MD, 
RU, TJ, TM), European patent (AT, BE, CH, CY, DE, DK, 
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI 
patent (BF, BJ, CF, CG, CI, CM, GA, GN, GW, ML, MR, 
NE, SN, TD, TG). 



Published 

With international search report. 



(54) Title: ENDOSCOPES AND METHODS RELATING TO DIRECT VIEWING OF A TARGET TISSUE 



*\A I / 




HUMAN 
VIEWER 



(57) Abstract 

Apparatus and methods that permit the direct viewing of induced tissue fluorescence or other response by a human viewer through 
an endoscope without the need for bulky and expensive auxiliary apparatus such as imaging devices, sensor arrays, analyzing systems and 
computer hardware and software. The apparatus and methods provide an excitation energy, such as blue light, that is transmitted to the 
target, and then the endoscope collects the emitted response, which is typically fluorescent light of a wavelength longer than the UV or blue 
light used to induce the fluorescence. The endoscope then transmits the response through a series of filters in the endoscope and directly 
to the eye of a human user. 



BNSDOCID: <WO 9966830A1 J_> 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


Fl 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


OB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BC 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viei Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


vu 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


Cdte d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







t <WO 9966830A1_t_> 



WO 99/66830 



PCT/CA99/00586 



ENDOSCOPES AND METHODS RELATING TO 
DIRECT VIEWING OF A TARGET TISSUE 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates to endoscopes for directly viewing a 
5 target, such as a target tissue in a human being. 

BACKGROUND OF THE INVENTION 

Point spectroscopy and spectral imaging of target tissue have been 
used to assess the condition of tissue in a patient, for example the presence of 
various illnesses or diseases. Such spectroscopy and imaging have used a variety 

10 of different techniques to effect such assessments, including absorbance 
spectroscopy in transmission and reflectance modes, fluorescence spectroscopy, 
and Raman spectroscopy (see, e.g., U.S. Patent No. 4,836,203; U.S. Patent No. 
5,042,494; U.S. Patent No. 5,062,428; U.S. Patent No. 5,071,416; U.S. Patent 
No. 5,421,337; U.S. Patent No. 5,467,767; U.S. Patent No. 5,507,287; 

15 Mahavedan-Jansen, A. and Richards-Kortum, R., J. Biomed. Optics 7(7):31-70 
1996; U.S. Patent No. 5,261,410). These techniques have been used in both 
single and multi-point measurements, and have been used in array spectroscopy 
to generate images on an imaging device such as a television screen. 

A common form of array spectroscopy comprises the use of a color 

20 video camera in which a lens system projects an image through optical filters that 
select a desirable wavelength band or sub-region of the light forming the image, 
and then projects the image onto an array of sensors. The sensors convert the 
light into an electrical signal that is proportional to the light incident on a given 
sensor. The electrical signal can then be stored in a digital or analog format, 

25 and/or relayed directly to a device that displays the image, such as a color video 
monitor. This sort of a system where an image is captured by sensors, converted 
to electrical or other signals, and then re-created on a viewer (i.e., transduction of 
the original optical image to a different type of energy and then creation of a new 
image corresponding to the original image) is known as an imaging device or 

30 imager. 

The color display monitor recreates an image viewable by a user by 
converting the electrical signals into optical signals. In this process, a color 
phosphor that emits light in a narrow wavelength region is stimulated by an 
amount proportional to the signal originally collected by its corresponding 
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sensor. A conventional color monitor has red, green and blue phosphors. The 
wavelengths of light emitted by the phosphors of the monitor do not necessarily 
need to match the wavelengths of light that were collected by the sensors for the 
color to be perceived by the viewer as "normal." In particular, the photoreceptors 
5 of the human eye respond to only three wavelength regions, and colors perceived 
by humans only require that the eye be stimulated somewhere in a given 
wavelength response range for each of the red, green and blue photoreceptors of 
the eye. 

Indeed, using such an imaging device, the colors received by the 

10 individual viewing the monitor do not necessarily have to bear any relationship to 
the wavelength of light originally perceived by the sensor. This property is often 
exploited with such devices as infrared cameras or x-ray or gamma cameras, 
where the sensors detect radiation that is well outside of the human visible range 
and then map the detected radiation to colors in the visible range. This use of 

15 imaging devices has also been applied to medical fluorescence imaging systems 
for detecting changes in the light emitted by tissue that has been illuminated with 
blue or ultraviolet light (or other light that induces a desired response). Imaging 
devices have been developed where the image sensors detect particular 
wavelength sub-ranges or bands of fluorescent light, process and scale the 

20 electronic signal, and then display the signal in two colors on a video monitor. 

The methods and apparatus employed in using such imaging 
devices as described above require bulky systems including computers, television 
monitors and expensive sensors, analyzers and computer software and hardware. 
Such systems often also have a limited dynamic range. Accordingly, there has 

25 gone unmet a need for apparatus and methods that reduce the expense, bulkiness 
and/or complexity of, and increases the range for, viewing a target tissue. The 
present invention provides these and other related advantages. 

SUMMARY OF THE INVENTION 

The present invention provides methods and apparatus that permit 

30 the direct viewing of an induced tissue response by a human viewer without the 
need for bulky and expensive auxiliary apparatus such as imaging devices, sensor 
arrays, analyzing systems and computer hardware and software. Briefly, the 
present invention provides endoscopes, such as surgical microscopes, devices 
comprising monoculars or binoculars, colposcopes, fundascope and laparoscopes, 

35 that provide an excitation energy, transmit the excitation energy to the target, 
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collect the emanated response light from the target, and transmit the emanated 
response light through a multi-function filter system in the endoscopes that 
selectively controls the ratio of the intensities of one or more wavelength bands 
of the emitted response. In many embodiments, the emanated response light is 

5 transmitted directly to the eye of a user without any transduction of the emanated 
response light. Thus, because several embodiments of the invention allow the 
user to look directly through the endoscopes to the target, there is no need for a 
video monitor or other types of transduction imaging devices such as those 
described above. Several embodiments of the present invention also provide 

10 multi-function, variable filter assemblies for use with such endoscopes as well as 
novel assemblies for varying the efficiency of the filter(s) disposed in the light 
path of such endoscopes and for identifying pre-selected filter strengths and filter 
combinations within such assemblies for given diseases. 

Accordingly, in certain aspects the present invention provides 

15 endoscopes for directly transmitting an image from an in vivo target tissue to a 
user, the endoscope comprising: a body including a proximal end and a distal 
end, the body being configured to position the distal end proximate to the target 
tissue; a light emitter proximate to the distal end to direct an illumination light to 
the target tissue; an eyepiece ocular coupled to the body at the proximal end that 

20 is sized to fit a human eye; at least one collection light guide including a collector 
to receive emanating light from the target tissue and a conductor to conduct the 
emanating light along at least a portion of a light path to the eyepiece ocular; a 
wavelength selection filter aligned with the collection light guide to be disposed 
in the light path, the wavelength selection filter selectively transmitting at least 

25 two desired wavelength bands of the emanating light; and a wavelength ratio 
scaling filter aligned with the collection light guide to be disposed in the light 
path, the wavelength ratio scaling filter selectively controlling the intensity of at 
least one of the desired wavelength bands, the wavelength selection filter and the 
wavelength ratio scaling filter manipulating the emanating light from the target 

30 tissue to selectively enhance an image of the target tissue. 

In preferred embodiments that relate to this and other aspects of the 
present invention (which is so for other preferred embodiments unless a given 
aspect of the invention indicates that such embodiment does not apply to that 
aspect), the collection light guide transmits the emanating light to the eyepiece, 

35 wherein the user is able to directly view the target tissue directly through the 
eyepiece ocular without a transduction imaging device between the target tissue 
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and the user. In other preferred embodiments, the illumination light is conducted 
from a light source maintained at the proximal end of the endoscope to the light 
emitter at the distal end to of the endoscope via an illumination light guide, the 
light emitter is the distal end of the illumination light guide, or the light emitter 
5 comprises a light source disposed at the distal end of the endoscope. 

In further preferred embodiments, the endoscope further comprises 
a band pass filter maintained at the distal end of the endoscope and disposed 
between the light emitter and the target tissue, wherein the band pass filter 
transmits a selected wavelength band of light. The selected wavelength band can 
10 be blue light able to induce fluorescence in the target tissue. 

In still further preferred embodiments, the illumination light 
transmitted to the target tissue consists essentially of a selected wavelength band 
and the light collection system further comprises a long pass filter disposed in the 
light path, wherein the long pass filter blocks light having about the same 
15 wavelength as the selected wavelength band and transmits other light; the long 
pass filter can be disposed at the distal end of the light collection system and can 
block blue light if desired. 

The wavelength selection filter can be maintained upstream in the 
light path from the wavelength ratio scaling filter, the long pass filter can be 
20 maintained upstream in the light path from the wavelength selection filter and the 
wavelength ratio scaling filter, and the long pass filter can be maintained 
upstream from the collection light guide which is maintained upstream from the 
wavelength selection filter which is maintained upstream from the wavelength 
ratio scaling filter. 

25 In other preferred embodiments, one of the desired wavelength 

bands it green light and the wavelength ratio scaling filter is able to selectively 
vary the level of intensity of green light. In still other preferred embodiments, 
the endoscope is a surgical microscope, laparoscope, or colposcope. 

In still other further preferred embodiments, the wavelength 
* 30 selection filter blocks at least wavelengths of light that are within the 
substantially overlapping photoreceptor response ranges of the human eye. 
Preferably, the wavelength ratio scaling filter is variable, further preferably 
continuously variable. 

In other aspects the present invention provides endoscopes for 
35 directly transmitting an image from a target tissue to a user, the endoscope 
comprising: a body including a proximal end and a distal end, the body being 
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configured to position the distal end proximate to the target tissue; means for 
emitting an illumination light from a location of the body at least proximate to 
the distal end; means for collecting and conducting an emanating light from the 
target tissue along a light path to an eyepiece sized to fit a human eye at the 
5 proximal end, wherein the means for collecting and conducting the emanating 
light filters the emanating light to conduct a first specific bandwidth of light at a 
first intensity and a second specific bandwidth of light at a second intensity to the 
eyepiece, such that a wavelength of light depicting an image of the target tissue is 
selectively enhanced. 

10 In still other aspects the present invention provides methods for a 

user to u.rectly view a target tissue through an endoscope, the methods 
comprising: a) illuminating the target tissue by emitting illumination light from a 
distal end of the endoscope to the target tissue under conditions suitable to 
thereby cause light to emanate from the target tissue to provide an emanating 

15 light; b) collecting the emanating light that contacts the distal end of a light 
collection system maintained in the endoscope; c) conducting the emanating light 
along a light path from the distal end of the endoscope to an eyepiece ocular at 
the proximal end that is sized to fit a human eye, wherein such conducting 
comprises transmitting the emanating light through a wavelength selection filter 

20 that selectively transmits at least two desired wavelength bands of the emanating 
light and through a wavelength ratio scaling filter that selectively controls the 
intensity of at least one of the desired wavelength bands to provide a filtered light 
representation of the target tissue; and, d) viewing the filtered light representation 
of the target tissue through the eyepiece ocular. 

25 In certain preferred embodiments, the target is illuminated by 

conducting the illumination light from a light source maintained at the proximal 
end of the endoscope to a light emitter maintained at the distal end of the 
endoscope via an illumination light guide and then emitting the illumination light 
to the target tissue. In further preferred embodiments, the illumination light is 

30 transmitted through a band pass filter maintained at the distal end of the 
endoscope, wherein the band pass filter transmits a selected wavelength band of 
light and blocks other light. The selected wavelength band can be blue light able 
to induce fluorescence in the target tissue. 

In other preferred embodiments, the illumination light emitted from 

35 the light emitter consists essentially of a selected wavelength band and the light 
collection system further comprises a long pass filter disposed in the light path, 
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wherein the long pass filter blocks light having about the same wavelength as the 
selected wavelength band and transmits other light. 

In further preferred embodiments, the one of the desired 
wavelength bands is green light and the wavelength ratio scaling filter is able to 
5 selectively vary the level of intensity of green light. In further some preferred 
embodiments, the illumination light is selected to cause a detectable response in 
an exogenous fluorophore in a desired drug potentially found in the target tissue, 
and the viewing comprises determining the presence or amount of the drug in the 
tissue. The methods discussed herein can be performed using an endoscope as 

10 also described herein. 

In still further aspects the present invention provides methods for a 
user to directly view a target tissue through an endoscope, the method comprising 
the following steps: a) the step of illuminating the target tissue by emitting 
illumination light from a distal end of the endoscope to the target tissue under 

15 conditions suitable for causing light to emanate from the target tissue to provide 
an emanating light; b) the step of collecting the emanating light that contacts the 
distal end of a light collection system maintained in the endoscope; c) the step of 
conducting the emanating light along a light path from the distal end of the 
endoscope to an eyepiece ocular at the proximal end that is sized to fit a human 

20 eye, wherein such conducting comprises transmitting the emanating light through 
a wavelength selection filter that selectively transmits at least two desired 
wavelength bands of the emanating light and through a wavelength ratio scaling 
filter that selectively controls the intensity of at least one of the desired 
wavelength bands for providing a filtered light representation of the target tissue; 

25 and, d) the step of viewing the filtered light representation of the target tissue 
through the eyepiece ocular. 

In still other further aspects the present invention provides 
endoscopes for directly transmitting an image without transduction from an in 
vivo target tissue to a user, the endoscopes comprising: a proximal end and a 

30 distal end and an elongated body therebetween; a light emitter at the distal end 
able to emit illumination light consisting essentially of blue light to the target 
tissue; a light collection system able to collect emanating light that contacts the 
distal end and conduct the emanating light along a light path to an eyepiece 
ocular at the proximal end that is sized to fit a human eye, wherein the light 

35 collection system comprises at least one collection light guide able to conduct the 
emanating light along at least a portion of the light path, a long pass filter 
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disposed at the distal end of the collection light guide and that substantially 
blocks blue light, a wavelength selection filter disposed in the light path and able 
to selectively transmit at least two desired wavelength bands of the emanating 
light, and a wavelength ratio scaling filter disposed in the light path and able to 
5 selectively control the intensity of at least one of the desired wavelength bands, 
and wherein the user is able to directly view the target tissue through the eyepiece 
ocular without an imaging device between the target tissue and the user. 

In some preferred embodiments, the illumination light is conducted 
from a light source maintained at the proximal end of the endoscope to the light 

10 emitter at the distal end of the endoscope via the illumination light guide, and 
wherein a band pass filter that transmits substantially only blue light is disposed 
at the distal end of the illumination light guide. 

. In still more aspects the present invention provides filter assemblies 
for a scope to transmit an image from an in vivo target tissue to a user, 

15 comprising: a casing including a proximal end with a first opening to receive a 
proximal section of the scope, a distal end with a second opening to receive a 
distal section of the scope, and a transmission passage extending between the 
first and second openings, the transmission passage being configured to transmit 
light along a light path from the distal end to the proximal end of the casing; a 

20 rotatable housing attached to the casing, the rotatable housing including a knob 
configured to be gripped by a user and a filter holder positioned in the casing, the 
filter holder having a plurality of windows; and, at least one filter received in one 
of the windows, the housing rotating within the casing to position the at least one 
filter in alignment with the light path for selectively enhancing an image of the 

25 target tissue. 

In some preferred embodiments, the at least one filter disposed 
within the at least one wall of the filter assembly is able to transmit at least two 
discrete desired wavelength bands of the light, and/or the filter assembly 
comprises at least two of the housings, at least one housing having a wavelength 

30 selection filter disposed in the light path that is able to selectively transmit the at 
least two discrete desired wavelength bands, and at least one housing having a 
wavelength ratio scaling filter disposed in the light path and able to selectively 
control the intensity of at least one of the desired wavelength bands. 

In other preferred embodiments, the filter assembly further 

35 comprises a non-rotatable lens that maintains the sharpness of an image being 
transmitted along the light path and disposed in the light path within the housing. 
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The filter assembly can be sized to be placed within an endoscope, and/or it can 
be included in an endoscope disclosed herein. 

These and other aspects of the present invention are discussed 
further in the following Detailed Description and the attached drawings. In 
5 addition, various references are set forth herein that describe in more detail 
certain procedures or apparatus, etc. (e.g., endoscopes, etc.); all such references 
are incorporated herein by reference in their entirety. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic diagram of an endoscope system according 
10 to an embodiment of the present invention that permits direct viewing of a target 
tissue by a human viewer. 

Figure 2 is a graph describing the color response of the human eye. 
Figure 3A is a side view of an embodiment of an emission 
wavelength ratio scaling filter wherein the filter is angularly adjustable. 
15 Figure 3B is a schematic side view of an emission wavelength ratio 

scaling filter similar to that set forth in Figure 3A, except that there are two filters 
that are angularly co-adjustable. 

Figure 3C is an isometric view of an emission wavelength ratio 
scaling filter similar to that set forth in Figure 3B. 
20 Figure 3D is a second isometric view of the emission wavelength 

ratio scaling filter set forth in Figure 3C. 

Figure 3E is an isometric view of the emission wavelength ratio 
scaling filter set forth in Figures 3B and 3C, wherein the filter is disposed in-line 
in the body of an endoscope. 
25 Figure 3F is a second isometric view of the emission wavelength 

ratio scaling filter set forth in Figures 3B and 3C, wherein the filter is disposed 
in-line in the body of an endoscope. 

Figure 3G is an isometric view of an optical bioptome in 
accordance with one embodiment of the invention including the wavelength ratio 
30 scaling filter shown in Figures 3B-3F. 

Figure 4A is a top plan view of another embodiment of an emission 
wavelength ratio scaling filter, wherein the filter comprises multiple filters of 
different transmission levels set in a rotatable disk. 

Figure 4B is a side view of the emission wavelength ratio scaling 
35 filter depicted in Figure 4A. 
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Figure 4C is an isometric view of the emission wavelength ratio 
scaling filter depicted in Figure 4A. 

Figure 5 is an exploded isometric view of the emission wavelength 
ratio scaling filter of Figures 4A-4C, wherein the filter is disposed in-line in the 
5 body of an endoscope. 

Figure 6 is an isometric view of the emission wavelength ratio 
scaling filter of Figures 4A-5 enclosed in an in-line housing in an endoscope 
according to an embodiment of the present invention. 

Figure 7 is a side view of a further embodiment of an emission 
10 wavelength ratio scaling filter, wherein various strength filters are cascaded to be 
selectively interposed in a light path. 

Figure 8 is an exploded isometric view of one embodiment of an 
emission wavelength ratio scaling filter as depicted in Figure 7, wherein the 
varying strength filters are retained in rotatable wheels. 
15 Figures 9 A and 9B are graphs illustrating fluorescence spectra from 

a transplanted rat heart and a control rat heart. 

Figure ^10 is a schematic drawing of a pulsed xenon flash-lamp 

source. 

Figure 11 is a schematic drawing of a focused continuous wave 
20 (CW) arc lamp. 

Figure 12 is a schematic drawing of a collimated CW arc lamp. 
Figure 13 is a schematic diagram depicting an embodiment of the 
present invention comprising a system for inducing fluorescence wherein an LED 
is disposed at the distal end of an endoscope. 
25 Figure 14 is a schematic diagram depicting another embodiment of 

the present invention comprising an illumination apparatus wherein an LED is 
disposed at the distal end of an optical viewer. 

Figure 15 is an and end view of an array of illumination LEDs 
disposed around a collection light guide. 
30 Figure 16 is a schematic diagram depicting a side view of an array 

as set forth in Figure 15. 

Figures 17A-17C are graphs depicting the percent transmission of a 
red-green wavelength selection filter, a red-green wavelength ratio scaling filter 
having six discrete filters, and a red-green wavelength ratio scaling filter wherein 
35 the filtration of the red-green wavelength is continuously variable as a function 
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of angle (with six selected angles isolated and depicted), respectively, according 
to one embodiment of the present invention. 

Figures 18A-18C are graphs depicting the percent transmission of a 
red-blue wavelength selection filter, a red-blue wavelength ratio scaling filter 
5 having six discrete filters and a red-blue wavelength ratio scaling filter wherein 
the filtration of the red-blue wavelength is continuously variable as a function of 
angle (with six selected angles isolated and depicted), respectively, according to 
one embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

10 The present application discloses methods and apparatus that 

permit the direct viewing of induced tissue fluorescence by a human viewer 
without the need for bulky and expensive auxiliary apparatus such as imaging 
devices, sensor arrays, analyzing systems and computer hardware and software. 
Briefly, several embodiments of the present invention include endoscopes that 

15 are suitable for viewing an internal target, such as a target tissue that is either 
related to, or is actually tissue of the heart, lungs, liver, skin, throat, lymph nodes, 
hair, intestines or cervix. The endoscopes provide an excitation energy, such as 
blue light, that is transmitted to the target, and then the endoscopes collect the 
emanated response light returning from the target, which is typically fluorescent 

20 light of a wavelength longer than the UV or blue light used to induce the 
fluorescence. The endoscopes then transmit the response light through a series of 
filters in the endoscopes and directly to the eye of a human user. Because the 
user can look directly through the endoscopes to the target, there is no need for a 
transduction imaging device such as those described herein. The viewer is also 

25 able, because transduction of the image is not performed, to view the target tissue 
with the full range of sensitivity of the human eye, thereby providing a greater 
dynamic range for analyzing the target tissue. As used herein, the term "light" 
includes electromagnetic radiation having a wavelength from at least ultraviolet 
radiation through infrared radiation. Thus, the term "light" is not limited to 

30 "visible light." 

The filters through which the images pass include a wavelength 
ratio scaling filter that allows the user to select a specific intensity for a desired 
wavelength band, thereby increasing or decreasing the intensity of that band of 
light relative to one or more other desired wavelength bands. Preferably, the user 

35 can vary the intensity of the wavelength band using a single filter assembly. This 
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ability to control the ratio of the intensities of the wavelength bands permits the 
user to optimize the effectiveness of his or her assessment of the target. 

Turning to a general discussion of the apparatus and methods of the 
invention, an "endoscope 1 ' is a generally tubular device for insertion into a body, 

5 typically via canals, vessels, passageways or body cavities for any of a variety 
reasons, such as diagnostic purposes, the injection or withdrawal of fluids or to 
keep a passageway open. As used herein, an endoscope is an in vivo optical 
viewer for viewing internal targets (such as internal organs) and includes other 
such internal, in vivo optical viewers such as laparoscopes, fundascopes, 

10 colposcopes, otoscopes and surgical microscopes. An endoscope is similar to a 
catheter, except that generally an endoscope is considered to transmit an image 
while a catheter does not; for the purposes of the present specification, the term 
endoscope includes catheter unless otherwise clear from the context. The 
endoscope is preferably rigid, but can be flexible. The discussion herein 

15 regarding endoscopes also generally applies to other types of in vivo optical 
viewers, including viewers for external use such as otoscope-like viewers for 
examining the skin, unless clear from the context. 

The distal end of an endoscope is the end of the endoscope that is 
inserted into the body and directed to a target tissue; the proximal end is the end 

20 of the endoscope that is maintained outside the body, and typically comprises an 
ocular eyepiece and one or more handles, knobs and/or other control devices that 
allow the user to manipulate the distal end of the endoscope or devices located at 
the distal end of the endoscope. As used herein, the distal end of the endoscope 
includes the distal tip of the endoscope, which is the most distal surface or 

25 opening of the endoscope, and the portion of the endoscope adjacent to the distal 
tip of the endoscope. Endoscopes generally are well known. U. S. Patent No. 
5,409,000; U. S. Patent No. 5,409,009; U. S. Patent No. 5,259,837; U. S. Patent 
No. 4,955,385; U. S. Patent No. 4,706,681; U. S. Patent No. 4,582,061; U. S. 
Patent No. 4,407,294; U. S. Patent No. 4,401,124; U. S. Patent No. 4,204,528; U. 

30 S. Patent No. 5,432,543; U. S. Patent No. 4,175,545; U. S. Patent No. 4,885,634; 
U. S. Patent No. 5,474,519; U. S. Patent No. 5,092,331; U. S. Patent No. 
4,858,001; U. S. Patent No. 4,782,386; U. S. Patent No. 5,440,388. Endoscopes 
comprising optical probes and methods of analyzing scans using the same are 
also well known in the art. U. S. Patent No. 5,421,337; U. S. Patent No. 

35 5,507,287; U. S. Patent No. 5,467,767; U. S. Patent No. 5,071,416; U. S. Patent 
No. 5,042,494; U. S. Patent No. 5,062,428; U. S. Patent No. 4,836,203; U. S. 
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Patent No. 4,845,552; EP 0/595,506; WO 95/26673 and U.S. Application No. 
09/039,279 filed March 12, 1998; United States provisional patent application 
No. 60/040,557, filed March 13, 1997, United States provisional patent 
application No. 60/046,368, filed May 15, 1997, and United States provisional 
5 patent application No. 60/053,688, filed July 25, 1997, all of which are presently 
pending. 

Endoscopes generally comprise a light source, or other 
electronmagnetic energy source, that provides illumination, light that is emitted 
from the distal end of the endoscope, and shined on the target, thereby making it 

10 possible to visualize the target. The light source itself can be maintained either at 
the distal end or the proximal end of the endoscope; when the light source is 
maintained at the proximal end, or elsewhere upstream from the ejection point of 
the light, the endoscope typically comprises at least one illumination light guide 
that conducts the light from the light source to the distal end of the endoscope. 

15 The ejection point of the light, therefore, is referred to herein as an "emitter," 
which can be an active light source or an optically transmissive element that 
projects light from an active light source. In many applications, the light guide is 
a fiber optic strand or a bundle of fiber optic strands. In some embodiments, the 
illumination light is filtered, typically at the distal end of the endoscope. 

20 The endoscopes also comprise a light collection system comprising 

at least one collection light guide, a multi-function filter system that typically 
comprises a plurality of filters, and an eyepiece ocular. The filters are preferably 
disposed on or comprise an equivalent plurality of substrates (such as optically 
clear glass or plastic or an absorbance filter such as a long pass filter), but can be 

25 disposed on a lesser number of substrates, or even a single substrate if desired. 
In addition, for example where the filter comprises an angularly adjustable filter 
(discussed further below), a single filter can be adequate for use in the present 
invention provided that the necessary plurality of functions is maintained. The 
collection light guide (and/or other optical devices disposed at the distal end of 

30 the collection light guide such as a filter or lens) collects light that returns from 
the target tissue. The light returning from the target can be reflected light or 
fluorescent light, and it is referred to herein as emanating or collected light. 

The collection light guide transmits the emanating light along at 
least a portion of a light path toward the proximal end of the endoscope; the light 

35 path is defined herein as the path of the light from the distal tip of the endoscope, 
or first reception of the emanating light into the endoscope if the light collector is 
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not maintained at the distal tip, to the proximal end of the endoscope where the 
light is presented at an eyepiece ocular for direct viewing by a user. Thus, in 
many aspects of the invention, the light path provides for direct transmission of 
the image of the target tissue from such tissue to the user without any 

5 transduction imaging device interspersed in the light path. Please note, however, 
that in some embodiments of the present invention a transduction imaging device 
can be attached to the endoscope for a secondary viewing option of the target 
tissue, but such transduction imaging device is still not typically maintained 
within the light path for the purposes of the present invention because such 

10 transduction imaging device does not create the image provided in the eyepiece 
ocular. The eyepiece ocular is a viewing site for the user and is typically a 
monocular eyepiece, but it can be binocular or a piece of ground glass that 
functions as a viewscreen or other direct viewing device. 

The illumination light guide and the collection light guide can be a 

15 single light guide, which means that the same light guide can function as both the 
illumination light guide and the collection light guide. Alternatively, the 
illumination light guide and the collection light guide can be separate light 
guides. In a preferred embodiment, the illumination and/or collection light 
guides comprise a focusing device at their downstream (i.e., distal end or 

20 proximal end, respectively), for example a gradient refractive index (GRIN) lens, 
a microlens, or a diffractive optic lens. Typically, the light guide can be an 
optical fiber, fiber bundle, liquid light guide or hollow reflective light guide or 
lens system, or other pathway suitable for carrying the image of the target from 
the distal end to the proximal end of the endoscope. The light path can also 

25 comprise, or consist of, a hollow air-filled casing, for example in an otoscope or 
otoscope-like instrument. Each of the illumination light guide and the collection 
light guide are able to conduct light along at least a portion of its relevant light 
path. For example, the collection light guide can transmit the emanating light 
from the distal end to the proximal end of the endoscope; if all filters and optical 

30 elements are disposed between the two ends of the collection light guide, then the 
collection light guide is deemed to conduct the emanating light along the entire 
light path from the distal end of the endoscope to the ocular eyepiece at the 
proximal end of the endoscope. On the other hand, if one or more of the filters or 
other optical elements disposed in the light path are disposed either before or 

35 after the collection light guide (i.e., upstream or downstream, respectively), then 
the collection light guide conducts light along a portion of the light path. 
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(Upstream means that the filter is disposed near the distal end and downstream 
means that the filter is disposed near the proximal end of the collection light 
guide; the upstream direction would be near the proximal end for the illumination 
light guide.) 

5 The light collection system comprises at least one wavelength 

selection filter and at least one wavelength ratio scaling filter. These filters are 
disposed in the light path of the emanating light, which means that the filters can 
be disposed either upstream, downstream or between the ends of the collection 
light guide. 

10 The wavelength selection filter is a light filter that is able to 

selectively transmit at least two desired wavelength bands while blocking light 
with wavelengths outside of the wavelength bands. The wavelength selection 
filter will accordingly transmit at least two different wavelength bands of light in 
well-defined ranges while blocking other light, preferably 100% of other light. 

15 Preferably, the wavelength selection filter is similar to a band pass-type filter, 
wherein the wavelength selection filter transmits the desired wavelengths bands 
and no other light. Such filters are well known in the art and can be obtained, for 
example, from Melles-Griot, Irvine, California; Ealing Electro-Optical, Inc., 
Holliston, Maryland; Corion, Brattleboro, New Hampshire, or the filters can be 

20 custom made according to the desires of the user. 

The two or more desired wavelength bands can be immediately 
adjacent to each other along the continuum of wavelengths of electromagnetic 
radiation, although preferably there is a wavelength gap between the two 
wavelength bands that is blocked so as to accentuate the differentiation of the 

25 two wavelength bands, thereby providing two discrete wavelength bands. The 
desired wavelength bands are defined to be any two or more specific bands of 
light that are desired by the user, typically two or more of blue light, green light 
and red light, preferably red light and green light for some embodiments. 
Typically, a single desired wavelength band is from about 5-200 nm in width. 

30 In a preferred embodiment, particularly where the examination of 

the target comprises the induction of fluorescence in the target, the wavelength 
selection filter transmits red and green light and blocks, among other bands, a 
substantial portion, and preferably all, of the blue light and ultraviolet light. With 
the use of such filter, the fluorescence can be induced using a blue light or UV 

35 light excitation source (preferably a blue light excitation source in order to reduce 
the likelihood of damage to the tissue from the excitation light), and then the 
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wavelength selection filter blocks out any reflectance (blue or UV) light, thereby 
transmitting only fluorescent light. 

In another preferred embodiment, the wavelength selection filter 
blocks a substantial portion, and preferably all, wavelengths of light that are 

5 within the overlapping photoreceptor response ranges of the human eye. (See 
Figure 2.) Typically, such filters block from about 530 nm to about 560 nm, and 
at least one other wavelength band, which second band can vary according to the 
desires of the user. 

Some preferred combinations of illumination light and desired 

10 wavelength bands include those wherein the illumination light is blue or UV light 
that induces fluorescence, the desired first and second wavelength bands are from 
(a) about 480 nm - 530 nm and (b) about 560 nm - 725 nm or longer, 
respectively. In another embodiment, for example where the illumination light is 
UV light such as 380 nm, the desired first and second wavelength bands are from 

15 (a) about 400 nm - 440 nm (i.e., blue light) and (b) about 530 nm / 560 nm - to 
any longer wavelength, respectively; if the illumination light is increased to about 
400 nm-405 nm, then the desired first wavelength band (a) is increased to about 
420 nm / 440 nm. In another preferred embodiment, the illumination light is 
about 380 nm - 410 nm and the desired first and second wavelength bands are 

20 from (a) about 410 nm - 440 nm and (b) about 480 nm - 520 nm (/.<?., from about 
440 nm - 480 nm and from about 520 nm and longer are blocked). In another 
embodiment, known as multi-photon induction of fluorescence and discussed 
further below, the effective wavelength of the illumination light is the same as 
discussed above, but the actual wavelength is 2x (or other multiple) the effective 

25 wavelength; the desired wavelength bands remain the same. 

The wavelength ratio scaling filter selectively controls the ratio of 
the intensities of the two or more desired wavelength bands that are transmitted 
by the wavelength selection filter. Typically, the wavelength ratio scaling filter 
selectively controls the ratio by attenuating or diminishing one or more of the 

30 desired wavelength bands. The wavelength ratio scaling filter preferably filters 
at least a wavelength band of light that is slightly greater in width than the 
selected desired wavelength band that it is filtering (thus, the wavelength ratio 
scaling filter preferably acts on a band of light that is "overlapping" relative to 
the selected desired wavelength band that has been transmitted by the wavelength 

35 selection filter). Preferably, the degree that the desired wavelength band is 
selectively controlled by the wavelength ratio scaling filter can be varied by 
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"dialing in" or otherwise tuning in a desired level of filtering. This "variable 
filtering" by the wavelength ratio scaling filter can be effected, for example, via 
the use of rotatable filters and/or a plurality of filters that can be selectively 
interspersed in the collection light path. Examples of suitable wavelength ratio 
5 scaling filters are disclosed in Figures 3-8 and discussed further below. 

In one embodiment, such as where the emanating light comprises 
fluorescence light induced by a blue or UV illumination light, the wavelength 
ratio scaling filter attenuates green light. For example, and as discussed further 
below, in an induced fluorescence spectrum of either healthy and non-healthy 

10 tissue, the intensity of the green light generally predominates the intensity of the 
red light, A red-shift of the spectrum {i.e., a general shift of the spectrum to 
longer wavelengths) indicates that the target tissue is diseased or otherwise 
potentially non-healthy. For example, Figures 9a-9b depict examples of such 
fluorescence spectra for tissue undergoing rejection. See also U.S. Patent 

15 Application No. 09/041,861, entitled Methods and Apparatus for Detecting the 
Rejection of Transplanted Tissue and filed March 12, 1998 and references cited 
therein. By reducing the intensity of the green light relative to the red light, the 
red-shift of the spectrum can be more easily discerned. In preferred 
embodiments, the wavelength ratio scaling filter variably attenuates between 

20 about 2% to 98% of the intensity of the green light in the emanating light that is 
collected from the target tissue. In other embodiments, which can also be useful 
for detecting disease or other potentially non-healthy situations, the wavelength 
ratio scaling filter preferably variably attenuates blue, yellow or red light. 

The particular filter or filter combination that is in the light path in 

25 the in vivo optical viewer can be indicated to a user by markings in or on the filter 
assembly. For example, the labels can be disposed on the side of a disk that 
contains a plurality of different filters or on a knob that is visible to the user and 
used to select different filter combinations. In one embodiment, the markings 
indicate particular filter transmission levels, band widths, and/or other optical 

30 information about the filters. In a preferred embodiment, such markings 
comprise identifiers for specific diseases, thereby providing the user the ability to 
dial in a specific disease for which a specific filter combination is known. For 
example, with the disease psoriasis, there is an extra peak at about 635 nm in the 
fluorescence that is emitted from the disease site. A filter combination that 

35 enhances the ability of the user to see this peak is one preferred combination and 
could therefore be dialed in merely by pointing the dial to "psoriasis." Other 
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preferred combinations comprise filters that enhance the visibility of wavelength 
bands absorbed by blood (e.g., about 540 nm ± 10 nm and about 580 nm ± 10 
nm) for situations where the user desires to find or avoid blood vessels, or 
combinations that block such wavelengths where absorption by blood is an 

5 interference to the desired viewing. Other preferred combinations enhance the 
visibility of wavelength bands associated with desired photo-activated drugs. 

In one preferred embodiment, typically where the present invention 
comprises a kit, a plurality of different filters/filter assemblies can be readily 
input and removed from the endoscope, and the invention provides a storage rack 

10 or other framework that holds or retains the different filters and/or multi-filter 
assemblies (such as the filter wheels and disks depicted in Figures 3-8) when they 
are not in place in the endoscope and/or the plurality of different filters/filter 
assemblies themselves. The filters/filter assemblies can be identified by 
identification marks (e.g., labels, etching) attached to or imprinted upon the 

15 filters/filter assemblies themselves and/or to dedicated slots or spaces in the rack 
that are specific for given filters/filter assemblies. 

In another preferred embodiment, the present invention provides 
hand-held in vivo optical viewers that can be similar to an otoscope; such a 
device can be used for either internal or external review of a patient, depending 

20 upon the desires of the user. The device can be either battery powered or 
connected via electrical leads to an external power source. In one preferred 
embodiment, the device is battery powered by rechargeable batteries that are 
automatically recharged upon placement of the device into a recharging stand. In 
a preferred embodiment, this hand-held device comprises light emitting diodes 

25 (LED's ) at the distal end of the viewer, which LED's emit desired wavelength(s) 
of light. 

Where such a hand-held device is to be used external to the body, 
the device is preferably used in a darkened room. Alternatively, the distal end of 
such a viewer can comprise a hollow, substantially tubular extension (which can 

30 also house the other components of the in vivo optical viewer as discussed 
herein) that is suitable for contact with the skin or other external surface under 
investigation. In preferred embodiments, the distal end of such a tubular housing 
forms an angle relative to the light path such that the in vivo optical viewer is 
held in contact with the skin (or other target site) at an angle other than 

35 perpendicular, for example a 45° angle to the skin. This can reduce the amount 
of reflectance light that enters the light collection system of the viewer. In 
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addition, the internal surface of the tubular housing can be white, black or a 
specific selected color, if desired. 

In a preferred embodiment, the endoscopes of the present invention 
also comprise at least one band pass filter disposed at the distal end of the 
5 illumination light guide. Such a filter is particularly preferred where the 
illumination light is a narrow wavelength band, such as a laser light consisting 
essentially of blue light or UV light for induction of fluorescence in the target, 
which means light in which there is little enough non-blue light that such light 
does not prevent clinical use of the endoscope. By definition, a band pass filter 

10 transmits a selected bandwidth of light, which means a predetermined 
wavelength or sv. of wavelengths, and blocks other light, preferably 100% of 
other light. Band pass filters are well known in the art and can be obtained from 
Melles-Griot, Irvine, California; Ealing Electro-Optical, Inc., Holliston, 
Maryland; Corion, Brattleboro, New Hampshire, or the filters can be custom 

15 made according to the desires of the user. Typically, the band pass filter will 
transmit a selected bandwidth of about 20-200 nm in width, although other 
bandwidths are known in the art and can be selected by a person of ordinary skill 
depending upon the desired properties in view of the present specification. 

The endoscopes of the present invention also preferably comprise a 

20 long pass filter in the light collection system, further preferably located at the 
distal end of the light collection system. Such a long pass filter in the light 
collection system could instead be a band pass filter or a short pass filter for 
certain embodiments, such as the use of multi-photon-type illumination light. 
The long pass filter blocks known non-desirable wavelength bands emanating 

25 from the target, particularly if such wavelength bands are capable of inducing 
fluorescence in the collection light guide or otherwise introducing increased 
noise, interference or other artifact in the light collection system. Thus, the long 
pass filter is preferably disposed at the distal end of the light collection system 
because the long pass filter can then block undesired wavelengths of light, such 

30 as fluorescence-inducing excitation light, prior to its entering the collection light 
guide and potentially causing fluorescence therein. Long pass filters are well 
known in the art and can be obtained, for example, from Melles-Griot, Irvine, 
California; Ealing Electro-Optical, Inc., Holliston, Maryland; Corion, 
Brattleboro, New Hampshire, or the filters can be custom made according to the 

35 desires of the user. 
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As noted above, some preferred methods and apparatus of the 
present invention comprise the induction and viewing of fluorescence in a target 
tissue. This is because healthy tissue exhibits a characteristic fluorescence 
response in reply to excitation with electromagnetic radiation having a 
5 wavelength in the ultraviolet to visible light ranges, while the fluorescence 
response of diseased, injured or otherwise harmed tissue changes relative to the 
healthy tissue. The illumination or excitation light energy that is transmitted to 
the target tissue typically comprises light from ultraviolet light through visible 
light and can induce fluorescence, reflectance or other response in the target 
10 tissue. Preferably, the light does not comprise UV light because such light can be 
harmful to the tissue. Conditions to induce fluorescence in tissue are well known 
in the art. See, e.g., U. S. Patent No. 4,836,203; U. S. Patent No. 5,042,494; U. S. 
Patent No. 5,062,428; U. S. Patent No. 5,071,416; U. S. Patent No. 5,421,337; U. 
S. Patent No. 5,467,767; U. S. Patent No. 5,507,287. 
15 Fluorescence and fluoresce are used herein in their ordinary sense, 

which includes the emission of, or the property of emitting, electromagnetic 
radiation, typically in the visible wavelength range, resulting from and occurring 
after the absorption of the illumination or excitation light that is transmitted to 
the transplanted tissue. Fluorescence includes fluorescent light produced by 
20 either endogenous fluorophores or exogenous fluorophores; exogenous 
fluorophores include those provided by drugs, chemical labels or other external 
sources. Autofluorescence is fluorescence from endogenous fluorophores. The 
fluorescence is collected, or gathered, from the target tissue so that it can be 
analyzed to provide a target fluorescent image, which means a particular 
25 fluorescent image for that particular target tissue. 

Fluorescence characteristics that contribute to the changes 
observable in target tissue undergoing a specific disease state or other condition 
are affected by the wavelength of excitation, and the concentration, absorption 
coefficients, scattering coefficients, quantum efficiency, and the emission spectra 
30 of the fluorophores inside the tissue. For example, in vivo determination of the 
presence or absence of characteristics of rejection of a target heart preferably 
includes viewing the endocardium, epicardium, myocardium and/or arterial tissue 
for the fluorescence characteristics described above, as well as changes in 
fluorescence characteristics due to physiological changes associated with 
35 rejection such as thickening of the endothelium and increase in collagen content. 
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Different wavelengths of illumination or excitation light can excite 
different fluorophores inside a target tissue, and therefore can lead to different 
quantum efficiencies for exciting tissue fluorescence. Thus, the user can select 
one or more desired excitation wavelengths in order to achieve better or more 
5 complete detection sensitivity. In one preferred embodiment, a laser excitation 
light system is used for various excitation wavelengths because such a system 
conveniently facilitates utilizing excitation wavelengths from about 360 nm UV 
to about 700 nm IR. 

In addition to using different single wavelengths of illumination 

10 light, multiple wavelengths of illumination light can be used simultaneously or 
sequential \ thereby providing at least two photons of different wavelengths for 
absorption by the target tissue. For example, combining simultaneous excitation 
by one photon at 800 nm with excitation by a second photon at 1000 nm can 
provide enhanced detection because the longer wavelength light can penetrate 

15 deeper into the tissue to sample a large tissue volume. In addition, different 
fluorophores may be excited, and the absorption of the fluorescence spectra by 
interfering matter can be reduced. 

In one preferred embodiment, the induction of fluorescence 
comprises the simultaneous excitation of the fluorophore by multiple photons, 

20 each having a certain fraction of the energy of a single photon at the desired 
excitation wavelength. In particular, when the multiple photons (which are at a 
longer wavelength) simultaneously contact the fluorophore, the energies of the 
photons combine to provide the same excitation that is achieved by the use of a 
single photon at a shorter wavelength. An advantage of this approach is that the 

25 longer wavelength, lower energy photons can penetrate deeper into the tissue, 
and therefore sampling can take place at different and/or deeper tissue depths. 
Typically, this multi-photon excitation is effected using two photons that each 
have one-half the energy of the desired photon, although it is possible to use 
three photons each having one-third the energy, etc. The resulting fluorescence 

30 is the same as the fluorescence induced using other excitation methods discussed 
herein, and therefore the analysis of the fluorescence is also the same. 

In another aspect, the present invention provides methods for 
directly viewing a target tissue through an endoscope or other in vivo optical 
viewer. These methods are preferably performed using the endoscopes described 

35 herein. The methods comprise illuminating the target tissue by emitting 
illumination light from a distal end of an endoscope to the target tissue under 
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conditions that are suitable to cause light to emanate from the target tissue. As 
noted above, such light that emanates from the target tissue is termed "emanating 
light." A portion of the emanating light contacts the distal end of a light 
collection system that is maintained in the endoscope, and is then collected or 

5 gathered by such light collection system. The light is then conducted along a 
light path from the distal end of the endoscope to an eyepiece ocular at the 
proximal end of the endoscope, where the light is available for viewing by a user. 

The light is passed through a wavelength selection filter that 
selectively transmits at least two desired wavelength bands of the emanating light 

10 and through a wavelength ratio scaling filter that selectively controls the intensity 
of at least one of the desired wavelength bands to provide a filtered light 
representation or image of the target tissue. The filtered light representation is a 
direct optical representation of the target tissue, as opposed to a spectrograph or 
other scan of the target tissue. In addition, the filtered light representation or 

15 image is a direct image, as opposed to an image created by transduction in an 
imaging device. The methods then comprise viewing the filtered light 
representation of the target tissue through the eyepiece ocular without an imaging 
device between the target tissue and the eyepiece. In preferred embodiments, the 
target is illuminated by conducting the illumination light through a band pass 

20 filter maintained at the distal end of the endoscope, which filter transmits the 
selected wavelength band of illumination light and blocks other light, for 
example to eliminate interfering fluorescence derived from the illumination light 
guide itself. In addition, the emanating light is preferably collected through a 
long pass filter disposed at the distal end of the endoscope, which long pass filter 

25 eliminates unwanted light such as reflectance light from the illumination light. 

In another embodiment, the methods, in addition to or in place of 
certain other steps discussed herein, comprise selecting a particular filter 
combination (i.e., a particular set of a desired wavelength selection filter and a 
desired wavelength ratio scaling filter ) for a specific purpose by choosing a 

30 setting for the filters that is identified by one or more labels or other markings 
reciting one or more specific diseases or other conditions for which the particular 
filter combination is appropriate. The particular filter combination that is thus 
selected can be chosen, for example, by rotating a disk comprising a plurality of 
desirable filters and having disposed on the side thereof the labels identifying the 

35 disease(s) or other condition(s), by turning a knob that is visible to the user has 
such labels on its top or side, or by selecting the filter or multi-filter holder (such 
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as a filter wheel comprising a plurality of filters) from a rack that stores and 
identifies a plurality of such filters/multi-filter holders. In one embodiment, the 
markings indicate both the condition(s) and specific strengths, band widths, 
and/or other optical information about the filters. 
5 In another preferred embodiment, which comprises the use of a 

hand-held in vivo optical viewer, which viewer can be either battery powered or 
connected via electrical leads to an external power source, the methods comprise 
picking up the in vivo optical viewer in the hand of a user, placing the distal end 
of the viewer near a target site, such as the skin or ear canal, placing at least one 

10 eye of the user in position to view the target site through the viewer, illuminating 
the target site using the illumination source associated with the viewer, and then 
viewing the target site through the in vivo optical viewer and evaluating the target 
site and determining whether the target site comprises a given disease or other 
condition. The precise order of these steps can be varied according to the desires 

15 of the user. In a preferred embodiment, the steps further comprise selecting the 
desired particular filter combination using the methods discussed above. 

In other preferred embodiments, the viewer is battery powered and 
the methods further comprise recharging the viewer by placing it onto a stand. In 
still other preferred embodiments, where the distal end of the viewer comprises a 

20 hollow tubular extension that is suitable for contact with the skin or other 
external surface under investigation, the methods further comprise contacting the 
distal edge of the housing with the target site (or the skin or other surface 
surrounding the target site if such site is smaller than the diameter formed by the 
housing); this aspect of the methods can be performed in a fully lighted room, if 

25 desired, and therefore if desired does not include turning off the ambient lighting, 
at the option of the user. 

Turning to the Figures, Figure 1 is a schematic diagram of one 
embodiment of an endoscope according to the present invention. In particular, 
light source 4 is maintained at the proximal end of endoscope 2, and light from 

30 light source 4 is projected into the proximal end of illumination light guide 7. 
Exemplary proximal-end light sources and their connection to an illumination 
light guide are described schematically in Figures 10-12. In other embodiments, 
the light source 4 is located at the distal end of the endoscope 2. Exemplary 
distal-end light sources are described schematically in Figures 13-16. 

35 In Figure 1, the light from light source 4 is conducted by 

illumination light guide 7 to the distal end of endoscope 2, where band pass filter 
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8 filters out at least substantially all undesired wavelengths of light and transmits 
the desired bandwidth of light. The location of band pass filter 8 at the distal end 
is preferred where the illumination light comprises or consists essentially of light 
that can induce artifacts in the illumination light guide (such as fluorescence 

5 from the illumination light guide itself); the band pass filter 8 blocks such 
artifacts from reaching the target. The illumination light is then directed from 
band pass filter 8 to tissue 10. Thus, in the embodiment depicted in Figure 1, 
band pass filter 8 acts as a light emitter for endoscope 2; if no band pass filter is 
disposed at the distal end of endoscope 2, then the distal end of illumination light 

10 guide 7, or an alternative desired optical element (if any) disposed at the distal 
end of endoscope 2, acts as the light emitter. The light emitter, therefore, can be 
an active light source that generates the light, or the light emitter can be a passive 
transmissive element that projects the light. 

Upon entering tissue 10 (or other target) the illumination light 

15 causes a response in tissue 10, which response is an emanating light comprising 
reflectance light, fluorescence light, and/or other light-induced responses. In a 
preferred embodiment, the light source 4 is a blue light excitation source, and the 
distal end band pass filter 8 transmits only blue light of about the wavelength 
emitted by light source 4. When the light source 4 is an appropriate light source, 

20 fluorescence is induced as the response in target tissue 10. Target tissue 10 then 
emits its response as emanating light or other electromagnetic energy. 

The light emanating from tissue 10 contacts the distal end of light 
collection system 22, which is maintained in endoscope 2. The emanating light 
travels along light path 24 through a long pass filter 12 maintained at the distal 

25 end of the light collection system 22, which long pass filter, in a preferred 
embodiment, eliminates reflectance light from the excitation light source 4. 
Collection light guide 14 then conducts the emanating light to an emission 
wavelength selection filter 16, which filter 16 selectively transmits at least two 
desired wavelength bands. The light then continues along light path 24 to 

30 wavelength ratio scaling filter 18, which selectively filters, attenuates or 
decreases at least one of the desired wavelengths that were transmitted by 
wavelength selection filter 16. The emanating light then continues along light 
path 24 to eyepiece ocular 20, where the light can be viewed as an image by the 
eye or eyes of the user. 

35 Figure 2 comprises a graph that depicts the spectral sensitivity 

curves, or color response, of the cones and rods that are found in the human eye. 
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The wavelengths of maximum absorbance are indicated at the top of each curve. 
The 430 nm curve represents the absorbance spectrum for the short wavelength- 
sensitive cones of the eye, the 530 nm curve represents the absorbance spectrum 
for the rods of the eye, and the 560 nm wavelength curve represents the 
5 absorbance spectrum for the middle and long wavelength-sensitive cones of the 
eye. 

Figure 3 A depicts one embodiment of an adjustable wavelength 
ratio scaling filter 18 wherein the filter is angularly or rotatably adjustable. Filter 
32 is disposed in light path 24 such that when filter 32 is perpendicular to light 

10 path 24 filter 32 blocks about 50-90% of the selected desired wavelength band of 
light. Fi)t°r 32 can then be rotated about axis 34 such that light path 24 is 
transmitted through a greater amount of the filter (shown in broken line). As the 
amount of filter relative to light path 24 increases, the degree of blockage also 
increases, for example up to about 90-99% of the selected desired wavelength 

15 band. 

Figure 3B depicts another embodiment of an angularly adjustable 
wavelength ratio scaling filter 18 comprising two filters 32 and 32a that are 
disposed in light path 24. The angle of each filter 32 or 32a is adjusted at a hinge 
36 such that a first angle 37 between filter 32 and a line perpendicular to light 

20 path 24 is always equal to a corresponding second angle 39 between filter 32a 
and such perpendicular line. 

Figures 3C and 3D depict a further embodiment of a co-angularly 
adjustable wavelength ratio scaling filter such as that depicted schematically in 
Figure 3B. In Figures 3C and 3D, the two filters 32, 32a are retained in filter 

25 holders 202, 202a, which are substantially square (other geometric shapes can be 
used as desired). The filter holders 202, 202a each have a pivot pin 204, 204a on 
its inferior surface, which pivot pins are rotatably lodged in corresponding 
receiving holes in a case (such as in-line casing 220 depicted in Figures 3E and 
3F). Filters 32, 32a simultaneously rotate through corresponding angular 

30 positions atop pivot pins 204, 204a when thumb wheel 206 is rotated by a user. 
Such rotation of thumb wheel 206 causes threaded projections 210, 210a to rotate 
within threaded filter supports 215, 215a, respectively. Each of threaded 
projections 210, 210a have corresponding, inverse threads such that rotation of 
thumb wheel 206 in a single direction causes threaded filter supports 215, 215a to 

35 simultaneously move outwardly or inwardly with respect to cross member 
support 212, depending upon the direction of rotation of thumb wheel 206. Filter 
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holders 202, 202a each have a receiving channel 216, 216a in the superior 
surface thereof; such receiving channels receive nubs 217, 217a projecting from 
the inferior surface of threaded filter supports 215, 215a. Thus, as threaded filter 
supports 215, 215a are moved along threaded projections 210, 210a, their nubs 

5 217, 217a move within receiving channels 216, 216a, thereby causing 
simultaneous, compensating rotation (Le., co-angular movement) of filter holders 
202, 202a and filters 32, 32a therein. 

Turning to Figures 3E and 3F, the co-angularly adjustable assembly 
of Figures 3C and 3D is depicted in place in an in-line casing 220 disposed 

10 within a distal sheath 100 and proximal sheath 106 of an endoscope. The co- 
angularly adjustable assembly can be attached via a mounting screw that is 
transmitted through opening 208 in cross-member support 212 and into mounting 
screw receiving body 214 that is located within in-line casing 220. Preferably, 
in-line casing 220 comprises a lens 222 at its proximal end (a corresponding lens, 

15 not shown, is also preferably disposed in-line at the distal end of in-line casing 
220), to maintain the clarity of the image transmitted by the endoscope. 

Other methods and apparatus for co-adjusting the filters will be 
apparent to those of ordinary skill in the art in view of the present specification. 
By providing such co-adjusted filters, any deflection or other redirection of light 

20 path 24 upon passage through a first filter {e.g., filter 32) is corrected for by 
passage through the second filter (e.g., filter 32a). 

Figure 3G is an isometric view of an optical bioptome 2a with the 
in-line casing 220 housing the wavelength ratio scaling filter described above 
with reference to Figures 3B-3F. In this embodiment, the optical bioptome has a 

25 light source 4, a manipulator 5, a bioptome assembly 9, and an eyepiece 1 1 . One 
suitable optical bioptome is disclosed in U.S. Patent Application No. 09/039,279, 
filed on March 12, 1998, which is herein incorporated by reference as set forth 
above. As set forth above, the casing 220 is attached to a proximal sheath 106 
and a distal sheath 100. The light source 4 is attached to an excitation sheath 

30 301. The distal sheath 100 and the excitation sheath 301 join at proximal body 
section 303. The proximal end of manipulator 5 is attached to the proximal body 
section 303, and the distal end of the manipulator 5 is attached to a distal body 
section 305. The illumination light guide 7 (Figure 1) is carried in the excitation 
sheath 301, proximal body section 303, and the distal body section 305. 

35 Similarly, the light collection system 22 is carried in the proximal and distal 
sheaths 106 and 100, and in the proximal and distal body sections 303 and 305. 



BNSDOCID: <WO 9966830A1_L> 



WO 99/66830 



PCT/CA99/00586 



26 

The bioptome assembly 9 is accordingly coupled to the illumination light guide 7 
and the light collection system 22 at the distal end of the distal body section 305. 

Figure 4A depicts a further embodiment of an adjustable 
wavelength ratio scaling filter 18. The filter comprises a disk 42 comprising a 
5 plurality of openings disposed around a central aperture 58 sized to receive a 
supporting rod. Each of the openings contains a different filter for controlling 
the intensity of one or more selected desired wavelength band(s) (such as green 
light). For example, a first opening can contain a 60% filter 44 which blocks 
60% of the selected desired wavelength band, while the second opening contains 

10 a 70% filter 46, the third opening contains an 80% filter 48, a fourth opening 
contains a 90% filter 50 and a fifth opening contains a 95% filter. In addition to 
blocking different amounts of the selected desired wavelength band (in this and 
other embodiments of the invention), the differing filters can also be selected to 
block different wavelength bands of light. 

15 Figure 4B is a side view and Figure 4C is an isometric view of the 

wheel-type filter depicted in Figure 4a. In Figure 4b, a pair of spacing walls 56 
are disposed on either side of the disk 42. The spacing walls 56 have a diameter 
that is less than the diameter of the outer edge 54 of the disk 42, and can be used 
to maintain spacing of the filters within the housing that contains the wheel-type 

20 filter depicted in the figure. 

Figure 5 depicts an exploded isometric view of the wheel-type filter 
of Figures 4A-4C in position to be enclosed in a housing in the optical path of an 
in vivo optical viewer such as an endoscope. Disk 42 contains a central aperture 
58 sized to receive a supporting rod (not shown) about which disk 42 can be 

25 rotated. Distal housing 102 contains a corresponding central aperture 59 for 
receiving the supporting rod. Referring to the assembly from distal end to 
proximal end, distal sheath 100 comprises a sheath of the in vivo optical viewer 
and communicates with the remainder of such viewer, typically including the 
distal end of the viewer. Distal sheath 100 comprises a lip 101 sized to be 

30 inserted into a light path opening 103 in distal housing 102 which housing is 
joined to proximal housing 104 having a corresponding light path opening 105, 
and which housing is joined to proximal sheath 106. Proximal sheath 106 then 
communicates with the eyepiece ocular for the eye(s) of the viewer. Distal 
housing 102 can be joined to proximal housing 104 via the use of screws or bolts 

35 (not shown) that are transmitted through holes 110 in proximal housing 104 and 
into threaded receptor holes 111 in distal housing 102. If desired, disk 42 can 
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comprise a series of identifying marks 107 that identify the strength or other 
property of a corresponding filter. In preferred embodiments of the invention, as 
discussed above, specific markings indicate preferred filters for specific 
disease(s). Such identifying marks can be viewed through opening 108 in 
5 proximal housing 104. Alternatively, outer edge 54 of disk 42 can have 
identifying marks thereon, which can be seen because outer edge 54 extends 
through a space created by rectangular openings 1 12 in flattened surfaces 1 14 of 
each of distal housing 102 and proximal housing 104. 

Figure 6 depicts an isometric view of the assembly of Figure 5 

10 wherein the assembly has been put together. As can be seen, outer edge 54 of 
disk 42 ib mailable for manipulation by a user, thereby permitting such user to 
easily turn disk 42 and place a desired filter in light path 24. 

Figure 7 is a schematic view illustrating a third embodiment of an 
adjustable wavelength ratio scaling filter wherein the filters are cascaded. In the 

15 figure, light path 24 traverses one or more filters disposed in a line and 
selectively interspersed into light path 24 to provide a variety of different levels 
of filtering. For example, in Figure 7, the first filter is a 50% filter 60 that blocks 
50% of the selected desired wavelength band, the second filter is a 20% filter 62 
that blocks 20% of such light, the third filter is a 10% filter 64 and the fourth 

20 filter is a 5% filter 66. These filters can then be interspersed in the light path 24 
either singly, all at once or in any desired combination to provide a variety of 
different levels of filtering. Of course, more or less than four filters can be used 
at the desire of the user. 

Figure 8 is an exploded isometric view illustrating a preferred 

25 embodiment of a filter assembly suitable for use with an adjustable wavelength 
ratio scaling filter having cascaded filters as in Figure 7, wherein the filters are 
maintained in the sides of a rotatable, substantially circular housing that forms a 
part of the assembly. In Figure 8, a lower casing 122 has a transmission passage 
156 therein that is sized to receive and transmit light path 24. In addition, 

30 transmission passage 156 comprises a first chamber 128 and second chamber 130 
that are each sized to receive first and second rotatable housings 158, 160, 
respectively. The rotatable housings 158, 160 are substantially cylindrical, and 
can be hexagonal or otherwise geometrically shaped, such as other polygons, 
circles or ovals in cross-section. 

35 Each of the rotatable housings 158, 160 contains therein a plurality 

of different filters 136, 138 and a corresponding plurality of openings 146 
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disposed in the opposite wall of the housings relative to the filter. For example, 
the rotatable housing 158 has a first filter 136 on alternating sides 137, and holes 
146 on alternating sides 147. Similarly, rotatable housing 160 has a second filter 
138 on alternating sides 137, and holes 146 on alternating sides 147. In other 
5 embodiments, adjacent faces on one-half of the housings 158 or 160 have a series 
of filters, and opposing adjacent faces on an opposing half of the housings have 
holes. The filters and holes in the housings 158 or 160 can be configured in still 
other arrangements such that filters are positioned across from one another on 
opposite sides of the same housing. 

10 Each of the housings 158, 160 also has knobs 148, 150 projecting 

from the superior surface thereof and that permit a user to rotate the housings 
158, 160 when they are enclosed within lower casing 122 and upper casing 120. 
By rotating either knob 148 and/or knob 150, a user is able to place one of the 
plurality of filters maintained within each housing in light path 24. The 

15 corresponding opening 146 in the housing permits the light to continue 
downstream along light path 24. Each of the housings, casings, knobs, and other 
parts of this filter "assembly can be formed, sculpted, molded or otherwise 
manufactured from any desirable material, such as plastic or metal. 

Preferably, the filter assembly further comprises a first lens 132 and 

20 a second lens 134 disposed in first lens holder 140 and second lens holder 142, 
each of which can be supported by a swivel attachment 144 to the remainder of 
the assembly. The first lens holder 140 is positioned within the housing 158, and 
the second lens holder 142 is positioned within the housing 160. Thus, the lenses 
are disposed, preferably perpendicularly, within light path 24 and serve to 

25 maintain or enhance the sharpness of the image transmitted along light path 24. 
Additionally, because of their swivel mounting within the assembly relative to 
rotatable housings 158, 160, the lens holders 140 and 142 (and therefore the 
lenses 132, 134 carried therein) do not rotate relative to light path 24 when knobs 
148, 150 are turned. In an alternative format, lens holders 140, 142 can attached 

30 to lower casing 122 and do not physically contact rotatable casings 158, 160, 
thereby avoiding any possibility of being rotated due to the rotation of such 
casings. The system can be used without filters if desired. 

Upon closure of the upper casing 120 with lower casing 122, 
control knobs 148, 150 can be manipulated through first receiving hole 152 and 

35 second receiving hole 154. Preferably, the control knobs extend well beyond 
receiving holes 152, 154 for ease of manipulation. Thus, light traveling upon 
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light path 24 enters the distal end 124 of the casing, passes through one of the 
first filters 136 on a side 137 of the first housing 158 facing the distal end (which 
filter has been rotated to be in line within light path 124), then the light traverses 
first lens 132, passes through a first opening 146 in the first rotatable housing 158 

5 facing the proximal end 126, traverses one of the second filters 138 on side 139 
of the second rotatable housing 160 facing the distal end 124 (which has also 
been rotated to be in line within light path 24), then traverses second lens 134, 
passes through a second opening 146 in the second rotatable housing 160 facing 
the proximal end 126, and then continues downstream to exit the assembly at 

10 proximal the end 126. 

Ik other embodiments, the assembly can comprise only one or more 
of the rotatable housings (e.g., 3). Additionally, each rotatable housing can 
comprise three filters and three corresponding openings as described in the 
figure, or such housings can comprise any desirable number of filters and 

15 corresponding openings, provided that the diameter of a cross section of light 
path 24 does not impinge upon a plurality of filters in a single casing due to the 
filters having been made to small. In addition, a single opening can be used to 
provide a passageway for light traversing more than one filter by sizing the 
opening large enough to encompass the area covered by the filters. Indeed, the 

20 housing can even be substantially semi-cylindrical, with filters embedded with in 
the wall formed by the semi-housing and the open "half of the housing being 
equivalent to the openings 146 in Figure 8. 

The apparatus and methods of the present invention are typically 
used, and the methods are typically performed, on living animals, preferably 

25 human patients. The apparatus and methods can also be used post-mortem, if 
desired. Thus, the illumination light is transmitted and the fluorescence, or other 
return light, is collected in vivo. 

Turning to some alternative embodiments of the invention, in one 
such embodiment the emanating light from the target tissue can be directed into 

30 an optical beam splitter that divides the light into two or more beams and/or 
spectral regions of interest. The multiple beams and/or spectrally separated 
components are then each directed to discrete viewers, such as the different 
lenses of a binocular viewer. 

In another embodiment of the invention, where the in vivo optical 

35 viewer is an endoscope, the distal end of the endoscope comprises a bioptome, 
which bioptome is preferably extensible and retractable. See U.S. Patent 
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Application No. 09/039,279, filed March 12, 1998 and entitled Catheters And 
Endoscopes Comprising Optical Probes And Bioptomes And Methods Of Using 
The Same, and the references cited therein. A bioptome is a device that snips off 
a piece of a target tissue for extraction from an organism and evaluation. 
5 Bioptomes typically comprise a pair of opposing jaws, but other configurations 
are also known. U. S. Patent No. 3,964,468; U. S. Patent No. 4,953,559; U. S. 
Patent No. 4,884,567; U. S. Patent No. 5,287,857; U. S. Patent No. 5,406,959; 
WO 96/35374; WO 96/35382; WO 96/29936; WO 96/35374. Inclusion of a 
bioptome allows a surgeon to both select optical scanning sites and perform 

10 tissue biopsy, and thus allows simple and easy biopsy with minimal risk and 
reduced harm to the patient because of shortened overall surgical procedure time 
and fewer insertions of endoscopes into the body. These advantages are achieved 
because fewer tissue biopsies should be necessary because no biopsy will be 
taken when the optical review shows that there is no need for biopsy, and 

15 because the combination of the bioptome with the optical probe permits optical 
viewing and biopsy without removal of the endoscope carrying the optical 
bioptome. 

In another aspect of the invention, a liquid-carrying lumen that 
allows a bolus of non-fluorescing, non-reflecting liquid saline solution to be 

20 pumped to the distal tip of the endoscope is co-luminal with the light guides. The 
structure of the endoscope tip directs the liquid around the optical fibers and out 
to the tissue so that the resultant jet of liquid pushes aside blood or other 
interfering material and acts as a liquid light path for transmission of light to, and 
collection of light from, the target tissue. 

25 In a further aspect of the invention, the distal tip of the optical 

probe or endoscope is covered with and bonded to an elastomeric balloon 
comprising an optically transmissive window that is preferably non-fluorescing 
and non-reflective. Upon opening of the jaws and extension of the light probe, a 
bolus of gas or liquid is pumped into the balloon to cause it to distend and 

30 thereby contact the window with the tissue. The liquid or gas, which can be air, 
in the balloon acts as an optically clear path to the tissue, while the balloon 
pushes blood and other interfering material out of the field of view. 

The following discussion sets forth some non-limiting examples of 
components that are advantageous for use with the methods and apparatus of the 

35 present invention. 
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Light Sources 

The present invention can use any light source that provides a light 
that illuminates a target tissue. In one preferred embodiment, the illumination 
light induces fluorescence in the target tissue. For some aspects of the invention, 

5 the light source need not induce fluorescence, but may instead cause reflectance 
or other light to return from the target tissue. Selection of an appropriate light 
source is well within the ordinary skill in the art in view of the present 
specification. With regard to light sources that induce fluorescence, the light 
source can be selected to provide light from ultraviolet (UV) through visible 

10 light. Preferably, the light comprises green, blue or near-UV light. Also 
preferably, me light does not comprise UV light because such light can induce 
cancer or other problems within the patient organism, which is preferably a 
human being. Further preferably, the light consists essentially of blue light 
and/or green light. 

15 Some examples of preferred light sources to generate the required 

excitation energy include a pulsed xenon flashlamp equipped with wavelength 
selection filters (Figure 10), a CW (continuous wave) mercury or xenon arc lamp 
equipped with wavelength selection filters (Figures 1 1 and 12), a Blue or UV 
CW laser, and a Blue or UV pulsed laser. These are discussed below. The light 

20 sources in these figures preferably have an indexed mechanical coupling adapter 
82 moveably attached to an optically transmissive base 80 to move a waveguide 
84 transverse with respect to a light path 24. The indexed mechanical coupling 
adapter ensures that the illumination waveguide 84 is positioned to maximize the 
amount of light entering the illumination waveguide 84, and can be controlled by 

25 system software, which controls pulse timing of the arc lamp power supply. 
Suitable indexed mechanical coupling adapters 82 are known in the art. 

In Figure 10, a pulsed xenon flashlamp 70 comprises a sealed 
housing arc lamp 71 and power supply (not shown). The arc lamp 71 typically 
has an arc length of less than 2 mm and is optionally equipped with an integral 

30 reflector to maximize energy directed toward the illumination light guide of the 
endoscope, catheter or other optical probe. An optical filter or series of filters, 
such as a blocking filter 72 and wavelength selection filter 76 placed in the 
optical path, can select the wavelength of the illumination light. The energy 
emitted by the arc lamp is collected and focused by a focusing lens 78. A 

35 collimating lens 74 can be placed between the filters if desired to direct the light 
from the arc lamp 71 along a common path. In a preferred embodiment suitable 
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for use with the present invention, the lenses 74 and 78 are selected to direct the 
energy in a converging cone into the illumination light guide 84, with an apex 
angle that is less than or equal to the acceptance angle of the illumination light 
guide as defined by the numerical aperture of the illumination light guide. 
5 In Figures 11 and 12, a CW mercury or xenon arc lamp light 

source, respectively comprises a sealed housing arc lamp 90 and power supply 
(not shown). The arc lamp typically has an arc length of less than 2 mm and is 
optionally equipped with an integral or external reflector to maximize energy 
directed toward the illumination waveguide of the catheter or optical probe. An 

10 optical filter or series of filters {e.g., the blocking filter 72 and/or the wavelength 
selection filter 76) placed in the optical path can select the wavelength of the 
illumination light. The energy emitted by the arc lamp is collected and focused 
by a lens system {e.g., the focusing lines 78 with or without the collimating lens 
74). The lenses are selected to direct the energy into the illumination light guide 

15 in a converging cone with an apex angle that is less than or equal to the 
acceptance angle defined by the numerical aperture of the illumination light 
guide. In one embodiment, the lamp power supply operates continuously with no 
pulsing. Alternatively, the lamp can be powered by a sinusoidally varying 
current/voltage, which can also enhance the blue wavelength emission of the 

20 lamp. In other embodiments, the source of electromagnetic energy can be a laser. 

A blue or UV CW laser light source comprises a laser that emits 
light in the blue or near ultraviolet wavelengths. Wavelength selection can be 
accomplished by using a laser such as a Helium-Cadmium (HeCd) laser or a 
Krypton-Argon laser that emits light in the blue portion of the spectrum. 

25 Alternatively, a dye laser pumped by a shorter wavelength laser wherein 
wavelength selection is a function of dye characteristics and cavity 
monochrometer tuning can be used. The energy emitted by the laser is collected 
and focused by a lens system. The lenses are selected to direct the energy into 
the illumination light guide in a converging cone with an apex angle that is less 

30 than or equal to the acceptance angle defined by the numerical aperture of the 
illumination light guide. The laser can be equipped with a manual and/or 
computer controlled shutter. Suitable CW laser light sources and lens systems 
are known in the art. 

Another type of suitable laser is a blue or UV pulsed laser light 

35 source that comprises a laser that emits light in the blue or near ultraviolet 
wavelengths. The pulse laser emits short duration pulses, preferably under 
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software program control. Wavelength selection can be accomplished by using a 
dye laser pumped by a shorter wavelength laser wherein wavelength selection is a 
function of dye characteristics and cavity monochrometer tuning. Alternatively, 
a longer wavelength laser equipped with a frequency doubling system and/or an 

5 optical parametric oscillator (OPO) can be used. The energy emitted by the laser 
is collected and focused by a lens system. The lenses are selected to direct the 
energy into the illumination light guide in a converging cone with an apex angle 
that is less than or equal to the acceptance angle defined by the numerical 
aperture of the illumination light guide. 

10 Turning to another embodiment, Figure 13 is a schematic diagram 

showing a system wherein the light is emitted by a distally-located blue LED 
170, which light is collimated by a collimating microlens 171 and then filtered by 
a short pass filter 172 to transmit the illumination to the skin for fluorescence 
excitation. Figure 14 is a schematic diagram showing light from a distally- 

15 located LED that can be other than a blue LED, and thus lacking short pass filter 
172 which could be incompatible with the light emitted by a given LED (of 
course, other filters, such as long pass filters or band pass filters, can be placed in 
the position of short pass filter 172 if desired). Multiple LEDs can be used in 
order to increase the illumination power and/or provide multiple wavelengths of 

20 illumination light. Thus, a blue LED, a green LED, and a red LED can be used 
to provide full spectral illumination for reflectance measurements or other 
desired measurements, such as Raman responses. 

Figure 15 shows one desired arrangement of the LEDs 170 
(specifically identified by reference numbers 170a- 170f) relative to the collection 

25 fiber. 173 wherein the LEDs are located at the distal end of a probe. Figure 16 is 
a schematic diagram showing an LED assembly wherein the LEDs 170 are 
slightly tilted toward each other and a collection fiber 80 at the distal end 52 of 
an optical probe 6 and co-centered at a central point of a potential skin disease 
site 8. This arrangement enhances the ability of the LEDs to illuminate the same 

30 area of potential skin disease site 8. 

Light Filters 

The present invention can use any light filter that provides the 
selection and attenuation of light discussed herein. The making of such filters 
35 can be done using methods well known in the art and can be obtained, provided 
the desired requirements are set forth, for example, from Melles-Griot, Irvine, 
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California; Ealing Electro-Optical, Inc., Holliston, Maryland; Corion, 
Brattleboro, New Hampshire. Alternatively, the filters can be custom made 
according to the desires of the user. 

Examples of wavelengths filtered or transmitted by suitable light 
5 filters are set forth in Figures 17A-17C and 18A-18C. Figure 17A depicts a 
graph showing the percent transmission of a red-green wavelength selection 
filter. The filter transmits light in the red and green wavelengths, and can include 
some attenuation of one or the other of the wavelength bands (green in Figure 
17A). Typically, such attenuation is not effectuated in the wavelength selection 

10 filter, but rather solely in the wavelength ratio scaling filter. Figures 17B and 
17C depict graphs showing attenuation the green light transmitted by the 
wavelength selection filter in Figure 17A, shown as the percent transmission of 
the green light. Figure 17B shows the level of attenuation in correlation to a 
series of discrete, different strength filters such as those set forth in Figures 4-8, 

15 while Figure 17C shows the level of attenuation in correlation to a series of 
different angles of an angularly adjustable filter such as those set forth in Figures 
3A-3F (with six selected angles isolated and depicted). 

Figures 18A-18C correspond to Figures 17A-17C, respectively, 
except that they depict the selection and attenuation that is attained with a red- 

20 blue wavelength selection filter, a red-blue wavelength ratio scaling filter having 
six discrete filters and a red-blue wavelength ratio scaling filter wherein the 
filtration of the red-blue wavelength is continuously variable as a function of 
angle (with six selected angles isolated and depicted), respectively. 
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CLAIMS 

What is claimed is: 

1. An endoscope for directly transmitting an image from an in vivo 
target tissue to a user, the endoscope comprising: 

a body including a proximal end and a distal end, the body being 
configured to position the distal end proximate to the target tissue; 

a light emitter proximate to the distal end to direct an illumination light 

to the target tissue; 

an eyepiece ocular coupled to the body at the proximal end that is sized 

to fit a human eye; 

at least one collection light guide including a collector to receive 
emanating light from the target tissue and a conductor to conduct the emanating light 
along at least a portion of a light path to the eyepiece ocular; 

a wavelength selection filter aligned with the collection light guide to be 
disposed in the light path, the wavelength selection filter selectively transmitting at 
least two desired wavelength bands of the emanating light; and 

a wavelength ratio scaling filter aligned with the collection light guide to 
be disposed in the light path, the wavelength ratio scaling filter selectively controlling 
the intensity of at least one of the desired wavelength bands, the wavelength selection 
filter and the wavelength ratio scaling filter manipulating the emanating light from the 
target tissue to selectively enhance an image of the target tissue. 

2. The endoscope of claim 1 wherein the collection light guide 
transmits the emanating light to the eyepiece, wherein the user is able to directly view 
the target tissue directly through the eyepiece ocular without a transduction imaging 
device between the target tissue and the user. 

3. The endoscope of claim 2 wherein the illumination light is 
conducted from a light source maintained at the proximal end of the endoscope to the 
light emitter at the distal end to of the endoscope via an illumination light guide. 

4. The endoscope of claim 3 wherein the light emitter is a distal end 
of the illumination light guide. 
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5. The endoscope of claim 2 wherein the light emitter comprises a 
light source disposed at the distal end of the endoscope. 

6. The endoscope of claim 2 wherein the endoscope further 
comprises a band pass filter maintained at the distal end of the endoscope and disposed 
between the light emitter and the target tissue, wherein the band pass filter transmits a 
selected wavelength band of light. 

7. The endoscope of claim 6 wherein the selected wavelength band 
is blue light able to induce fluorescence in the target tissue. 

8. The endoscope of claim 2 wherein the illumination light 
transmitted to the target tissue consists essentially of a selected wavelength band and 
the light collection system further comprises a long pass filter disposed in the light 
path, wherein the long pass filter blocks light having about the same wavelength as the 
selected wavelength band and transmits other light. 

9. The endoscope of claim 8 wherein the long pass filter is disposed 
at the distal end of the light collection system. 

10. The endoscope of claim 8 wherein the long pass filter blocks blue 

light. 

1 1 . The endoscope of claim 2 wherein the wavelength selection filter 
is maintained upstream in the light path from the wavelength ratio scaling filter. 

12. The endoscope of claim 8 wherein the long pass filter is 
maintained upstream in the light path from the wavelength selection filter and the 
wavelength ratio scaling filter. 

13. The endoscope of claim 11 wherein the long pass filter is 
maintained upstream in the light path from the wavelength selection filter and the 
wavelength ratio scaling filter. 
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14. The endoscope of claim 2 wherein one of the desired wavelength 
bands it green light and the wavelength ratio scaling filter is able to selectively vary 
the level of intensity of green light. 



15. The endoscope of claim 9 wherein the long pass filter is 
maintained upstream from the collection light guide which is maintained upstream 
from the wavelength selection filter which is maintained upstream from the 
wavelength ratio scaling filter. 

16. The endoscope of claim 2 wherein the endoscope is a surgical 

microscope. 

17. The endoscope of claim 2 wherein the endoscope is a 

laparoscope. 

18. The endoscope of claim 2 wherein the endoscope is a colposcope. 



19. The endoscope of claim 2 wherein the wavelength selection filter 
blocks at least wavelengths of light that are within the overlapping photoreceptor 
response ranges of the human eye. 

20. The endoscope of claim 2 wherein the wavelength ratio scaling 
filter is variable. 

21. The endoscope of claim 20 wherein the wavelength ratio scaling 
filter is continuously variable. 



22. An endoscope for directly transmitting an image from a target 
tissue to a user, the endoscope comprising: 

a body including a proximal end and a distal end, the body being 
configured to position the distal end proximate to the target tissue; 

means for emitting an illumination light from a location of the body at 
least proximate to the distal end; 

means for collecting and conducting an emanating light from the target 
tissue along a light path to an eyepiece sized to fit a human eye at the proximal end, 
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wherein the means for collecting and conducting the emanating light filters the 
emanating light to conduct a first specific bandwidth of light at a first intensity and a 
second specific bandwidth of light at a second intensity to the eyepiece, such that a 
wavelength of light depicting an image of the target tissue is selectively enhanced. 

23. A method for a user to directly view a target tissue through an 
endoscope, the method comprising: 

a) illuminating the target tissue by emitting illumination light from a 
distal end of the endoscope to the target tissue under conditions suitable to thereby 
cause light to emanate from the target tissue to provide an emanating light; 

b) collecting the emanating light that contacts the distal end of a 
light collection system maintained in the endoscope; 

c) conducting the emanating light along a light path from the distal 
end of the endoscope to an eyepiece ocular at the proximal end that is sized to fit a 
human eye, wherein such conducting comprises transmitting the emanating light 
through a wavelength selection filter that selectively transmits at least two desired 
wavelength bands of the emanating light and through a wavelength ratio scaling filter 
that selectively controls the intensity of at least one of the desired wavelength bands to 
provide a filtered light representation of the target tissue; and 

d) viewing the filtered light representation of the target tissue 
through the eyepiece ocular. 

24. The method of claim 23 wherein the target is illuminated by 
conducting the illumination light from a light source maintained at the proximal end of 
the endoscope to a light emitter maintained at the distal end of the endoscope via an 
illumination light guide and then emitting the illumination light to the target tissue. 

25. The method of claim 24 wherein the light emitter is the distal end 
of the illumination light guide. 

26. The method of claim 23 wherein the target is illuminated by 
emitting the illumination light to the target tissue from a light source maintained at the 
distal end of the endoscope . 
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27. The method of claim 23 wherein the illumination light is 
transmitted through a band pass filter maintained at the distal end of the endoscope, 
wherein the band pass filter transmits a selected wavelength band of light and blocks 
other light. 

28. The method of claim 27 wherein the selected wavelength band is 
blue light able to induce fluorescence in the target tissue. 

29. The method of claim 23 wherein the illumination light emitted 
from the light emitter consists essentially of a selected wavelength band and the light 
collection system further comprises a long pass filter disposed in the light path, 
wherein the long pass filter blocks light having about the same wavelength as the 
selected wavelength band and transmits other light. 

30. The method of claim 27 wherein the illumination light emitted 
from the light emitter consists essentially of a selected wavelength band and the light 
collection system further comprises a long pass filter disposed in the light path, 
wherein the long pass filter blocks light having about the same wavelength as the 
selected wavelength band and transmits other light. 

31. The method of claim 23 wherein the wavelength selection filter is 
maintained upstream in the light path from the wavelength ratio scaling filter. 

32. The method of claim 23 wherein the long pass filter is maintained 
upstream in the light path from the wavelength selection filter and the wavelength 
ratio scaling filter. 

33. The method of claim 23 wherein one of the desired wavelength 
band is green light and the wavelength ratio scaling filter is able to selectively vary the 
level of intensity of green light. 

34. The method of claim 25 wherein the long pass filter is maintained 
upstream from the collection light guide which is maintained upstream from the 
wavelength selection filter which is maintained upstream from the wavelength ratio 
scaling filter. 
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35. The method of claim 26 wherein the illumination light is selected 
to cause a detectable response in an exogenous fluorophore in a desired drug 
potentially found in the target tissue, and the viewing comprises determining the 
presence or amount of the drug in the tissue. 

36. The method of any one of claims 23-35 wherein the method is 
performed using an endoscope of any one of claims 1-21. 

37. A method for a user to directly view a target tissue through an 
endoscope, the method comprising the following steps: 

a) the step of illuminating the target tissue by emitting illumination 
light from a distal end of the endoscope to the target tissue under conditions suitable 
for causing light to emanate from the target tissue to provide an emanating light; 

b) the step of collecting the emanating light that contacts the distal 
end of a light collection system maintained in the endoscope; 

c) the step of conducting the emanating light along a light path from 
the distal end of the endoscope to an eyepiece ocular at the proximal end that is sized 
to fit a human eye, wherein such conducting comprises transmitting the emanating 
light through a wavelength selection filter that selectively transmits at least two 
desired wavelength bands of the emanating light and through a wavelength ratio 
scaling filter that selectively controls the intensity of at least one of the desired 
wavelength bands for providing a filtered light representation of the target tissue; and 

d) the step of viewing the filtered light representation of the target 
tissue through the eyepiece ocular. 

38. An endoscope for directly transmitting an image without 
transduction from an in vivo target tissue to a user, the endoscope comprising: a 
proximal end and a distal end and an elongated body therebetween; a light emitter at 
the distal end able to emit illumination light consisting essentially of blue light to the 
target tissue; a light collection system able to collect emanating light that contacts the 
distal end and conduct the emanating light along a light path to an eyepiece ocular at 
the proximal end that is sized to fit a human eye, wherein the light collection system 
comprises at least one collection light guide able to conduct the emanating light along 
at least a portion of the light path, a long pass filter disposed at the distal end of the 
collection light guide and that substantially blocks blue light, a wavelength selection 
filter disposed in the light path and able to selectively transmit at least two desired 
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wavelength bands of the emanating light, and a wavelength ratio scaling filter 
disposed in the light path and able to selectively control the intensity of at least one of 
the desired wavelength bands, and wherein the user is able to directly view the target 
tissue through the eyepiece ocular without an imaging device between the target tissue 
and the user. 

39. The endoscope of claim 38 wherein the illumination light is 
conducted from a light source maintained at the proximal end of the endoscope to the 
light emitter at the distal end of the endoscope via the illumination light guide, and 
wherein a band pass filter that transmits substantially only blue light is disposed at the 
distal end of the illumination light guide. 

40. The endoscope of claim 38 wherein the light emitter comprises a 
light source disposed at the distal end of the endoscope. 

41 . A filter assembly for a scope to transmit an image from an in vivo 
target tissue to a user, comprising: 

a casing including a proximal end with a first opening to receive a 
proximal section of the scope, a distal end with a second opening to receive a distal 
section of the scope, and a transmission passage extending between the first and 
second openings, the transmission passage being configured to transmit light along a 
light path from the distal end to the proximal end of the casing; 

a rotatable housing attached to the casing, the rotatable housing 
including a knob configured to be gripped by a user and a filter holder positioned in 
the casing, the filter holder having at least one window; and 

at least one filter received in the at least one window, the housing 
rotating within the casing to position the at least one filter in alignment with the light 
path for selectively enhancing an image of the target tissue. 

42. The filter assembly of claim 41 wherein at least one of the filters 
disposed within the at least one wall of the filter assembly is able to transmit at least 
two discrete desired wavelength bands of the light. 

43. The filter assembly of claim 42 wherein the filter assembly 
comprises at least two of the housings, at least one housing having a wavelength 
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selection filter disposed in the light path that is able to selectively transmit the at least 
two discrete desired wavelength bands, and at least one housing having a wavelength 
ratio scaling filter disposed in the light path and able to selectively control the intensity 
of at least one of the desired wavelength bands. 

44. The filter assembly of claim 42 wherein the filter assembly 
further comprises a non-rotatable lens that maintains the sharpness of an image being 
transmitted along the light path and disposed in the light path within the housing. 

45. The filter assembly of any one of claim 41, 42 or 43 wherein the 
filter assembly is sized to be placed within an endoscope. 

46. The filter assembly of any one of claim 41, 42 or 43 wherein the 
filter assembly is included in an endoscope according to any one of claims 1-20. 
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